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Estimated Mortality Rate Estimated Mortality Rate 
in Humanin Human
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For IntermediateFor Intermediate--Age group;Age group;
If dose = 1000 CFU, then 95% CI spans 81 orders of magnitudeIf dose = 1000 CFU, then 95% CI spans 81 orders of magnitude
If dose = 1000,000 CFU, then 95% CI spans 42 orders of magnitudeIf dose = 1000,000 CFU, then 95% CI spans 42 orders of magnitude

Conversion FactorConversion Factor
(Illness : Mortality Ratio)(Illness : Mortality Ratio)

88

Estimated P(ill) in HumanEstimated P(ill) in Human

Mortality Ratio Mortality Ratio (Median)(Median) 11.311.3 12.712.7 3.73.7

Dose Dose 
(CFU)(CFU)

Log doseLog dose
(log CFU)(log CFU)

Median P (Illness) per servingMedian P (Illness) per serving

Intermediate AgeIntermediate Age NeonatalNeonatal ElderlyElderly
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gg yy

11 0 0 1.70 x 101.70 x 10--1515 2.03 x 102.03 x 10--1212 1.48 x 101.48 x 10--14 14 

1 x 101 x 1033 33 1.36 x 101.36 x 10--1212 1.65 x 101.65 x 10--0909 1.33 x 101.33 x 10--11 11 

1 x 101 x 1066 66 1.13 x 101.13 x 10--0909 1.65 x 101.65 x 10--0606 1.15 x 101.15 x 10--0808

1 x 101 x 1099 99 1.36 x 101.36 x 10--0606 1.78 x 101.78 x 10--0303 1.26 x 101.26 x 10--0505

1 x 101 x 101010 1010 1.47 x 101.47 x 10--0505 1.91 x 101.91 x 10--0202 1.44 x 101.44 x 10--0404

1 x 101 x 101212 1212 2.15 x 102.15 x 10--0303 9.40 x 109.40 x 10--0101 1.81 x 101.81 x 10--0202
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Epidemiology basedEpidemiology based

# of servings at 5 dose levels # of servings at 5 dose levels 
From FDA Exposure AssessmentFrom FDA Exposure Assessment

1111

From FDA Exposure AssessmentFrom FDA Exposure Assessment

Assumption of maximum dose level Assumption of maximum dose level 
7.5, 8.5, 9.5, and 10.5 log7.5, 8.5, 9.5, and 10.5 log1010

Model: ExponentialModel: Exponential
P = 1 P = 1 –– exp exp ––r * N  r * N  (Estimation of r(Estimation of r--values)values)

FAO/WHO DFAO/WHO D--R for LmR for Lm

Data InputsData Inputs MeanMean RangeRange
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Susceptible Population Susceptible Population 
(%)(%)

17.5 %17.5 % 15 15 –– 20%20%

Listeriosis in susceptible Listeriosis in susceptible 
population (%)population (%)

83 %83 % 80 80 –– 98 % 98 % 

Total # of listeriosis in Total # of listeriosis in 
the USthe US

25182518 1888 1888 -- 31483148



Exposure Data used for DExposure Data used for D--RR
Total

Consumption 
Food Category (Servings) <1g 1-1E3g 1E3-1E6g 1E6-1E9g >E9g Total
Smoked Seafood 2.05E+08 70.64% 14.29% 11.06% 3.42% 0.20% 0.996
Raw Seafood 1.82E+08 92.07% 6.66% 1.21% 0.07% 0.00% 1.000
Preserved Fish 1.05E+08 84.77% 10.42% 3.89% 0.49% 0.04% 0.996
Cooked RTE Shellfish 5.52E+08 94.50% 4.01% 1.28% 0.20% 0.05% 1.000
Vegetables 1 17E+11 91 11% 7 23% 1 54% 0 07% 0 00% 1 000
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Vegetables 1.17E+11 91.11% 7.23% 1.54% 0.07% 0.00% 1.000
Fruits 5.03E+10 81.37% 18.49% 0.13% 0.00% 0.00% 1.000
Soft mold-ripened 2.44E+08 92.81% 3.21% 3.34% 0.67% 0.01% 1.000
Goat/Sheep etc cheese 2.55E+08 92.18% 6.24% 1.48% 0.07% 0.00% 1.000
Fresh soft Cheese 1.34E+08 89.72% 3.20% 4.31% 2.51% 0.19% 0.999
Heated and Processed 1.82E+10 98.20% 1.71% 0.08% 0.01% 0.00% 1.000
Aged Cheese 1.38E+10 98.07% 1.82% 0.03% 0.00% 0.00% 0.999
Pastuerized Milk 8.72E+10 99.20% 0.74% 0.05% 0.00% 0.00% 1.000
Raw Milk 4.36E+08 91.87% 7.56% 0.55% 0.01% 0.00% 1.000
Ice Cream 1.49E+10 99.08% 0.53% 0.02% 0.00% 0.00% 0.996
Miscellaneous Dairy 2.81E+10 98.26% 1.64% 0.07% 0.00% 0.00% 1.000
Frankfurters 6.52E+09 92.40% 6.08% 1.37% 0.21% 0.02% 1.001
Dry/Semi-Dry 1.79E+09 90.27% 6.83% 2.40% 0.10% 0.00% 0.996
Deli Meats 2.07E+10 90.66% 5.40% 3.29% 0.70% 0.12% 1.002
Pate 1.18E+08 91.52% 4.01% 2.87% 1.06% 0.22% 0.997
Deli Salads, Non 5.63E+09 86.30% 8.77% 3.98% 0.80% 0.03% 0.999
Total servings 3.66E+11

Estimation of rEstimation of r--valuesvalues
(Single Maximum(Single Maximum--dose derived)dose derived)

P = 1 P = 1 –– exp exp ––r * Nr * N

r = r = -- ln (1ln (1--P) / NP) / N

1414

P = P = # of listeriosis in the US / total # of servings at given dose# of listeriosis in the US / total # of servings at given dose
N = Assumed max log doseN = Assumed max log dose

Example:Example:
–– N (dose) = 8 logN (dose) = 8 log1010
–– # of listeriosis in the US (susceptible pop) = 2090 (2518 x 0.83)# of listeriosis in the US (susceptible pop) = 2090 (2518 x 0.83)
–– Total # of servings at max dose of 8 logTotal # of servings at max dose of 8 log1010 = 5.23 x 10= 5.23 x 1066

–– P = 2090 / 5.23 x 10P = 2090 / 5.23 x 1066 = 0.0004= 0.0004

∴∴ r = r = -- ln (1ln (1--0.0004) /1 x 100.0004) /1 x 1088 = 4 x 10= 4 x 10--1212

Estimated rEstimated r--values values 

Max. log Max. log 
dosedose

Total # of Total # of 
servingsservings
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(S_Max dose(S_Max dose--

derived)derived)
7 57 5 7 9 x 107 9 x 1066 8 05 x 108 05 x 10 1212
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7.57.5 7.9 x 107.9 x 1066 8.05 x 108.05 x 10--1212

8.58.5 3.4 x 103.4 x 1066 1.95 x 101.95 x 10--1212

9.59.5 1.3 x 101.3 x 1066 5.24 x 105.24 x 10--1313

10.510.5 2.5 x 102.5 x 1055 2.61 x 102.61 x 10--1313
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Other Lm DoseOther Lm Dose--ResponseResponse
Chen Chen et alet al. (2003)*. (2003)*
–– Anchoring Approach using Anchoring Approach using 

Epidemiological data from CDC (MD & CAEpidemiological data from CDC (MD & CA

1717

Epidemiological data from CDC (MD & CA, Epidemiological data from CDC (MD & CA, 
20002000--2001)2001)

53 cases x 2 (multiplier) = 106 cases53 cases x 2 (multiplier) = 106 cases

Food Survey data (MD&CA, 2000Food Survey data (MD&CA, 2000--2001)2001)

–– Model: ExponentialModel: Exponential

* Journal of Food Protection, 60:918-922

Distribution of Lm in RTEDistribution of Lm in RTE

1818

2 year survey in MD and CA: total 577 positive samples
Beta (0.29, 2.68, -1.69, 6.1)
Gamma (0.33, 2.96, -1.7)



Comparison of rComparison of r--values values 

CountryCountry r r -- valuevalue

US US 1.76 x 101.76 x 10--1010

1919

(Chen (Chen et alet al., 2003)., 2003)

Germany Germany 
(Buchanan (Buchanan et alet al., 1997)., 1997)

1.18 x 101.18 x 10--1010

Sweden Sweden 
(Lindqvist and Westoo, 2000)(Lindqvist and Westoo, 2000)

5.6 x 105.6 x 10--1010

FAO/WHO: r = 2.61 x 102.61 x 10--1313 ~ 8.37 x 10~ 8.37 x 10--1212

Epidemiological Data for LmEpidemiological Data for Lm

Outbreak could occur at very low doses Outbreak could occur at very low doses 
e.g. Frankfurters: < 0.3 cfu/ge.g. Frankfurters: < 0.3 cfu/g

2020

Surveillance data: underestimatedSurveillance data: underestimated
Multiplier for Lm: 2 (Mead Multiplier for Lm: 2 (Mead et alet al., 1999)., 1999)

Outbreaks for ListeriosisOutbreaks for Listeriosis
Table A9-1. Location, Year of Occurrence, and Epidemiologic Data for Outbreaks of Listeriosis

Location, Year
(Reference) Food Source Serotyp

e
Contamination

Level (cfu/g)
Amount 

Consumed
No.Il

l Attack Rate

LA County, 1985
(Linnan et al., 1988)

Mexican-style soft 
cheese

82% 4b 1.4x104 to 
5x104

NA a 142 NA

Switzerland, 1983-87
(Bula et al., 1995)

Soft smear-ripened 
cheese

75% 4b 1x104 to 1x106 NA 122 NA

IL, MO, WI, 1994
(Dalton et al 1997)

Chocolate milk 1/2b 1x109 (cfu/mL) 240 mL 45 45/60 
(median)

2121

(Dalton et al., 1997) (median)

Italy, 1993
(Salamina et al., 1996)

Cream cheese 1/2b 460 NA 18 18/39

fruit tart 1/2b 0.93 NA 18 18/39

Rice Salad b NA NA NA 18 18/39

Finland, 1998-99
(Lyytikäinen et al., 

2000)

Butter 3a <100 c NA 25 NA

Multistate, 1998-99
(CDC, 1998b)

Frankfurters 4b <0.3 NA 101 NA

a NA = Not available
b Rice salad implicated by epidemiology; p<0.001
c One sample contained 11,400 cfu/g

Source: FDA/CFSAN and USDA/FSIS (2003) Quantitative Assessment of Relative Risk to Public 
Health from Foodborne Listeria monocytogenes Among Selected Categories of Ready-to-Eat Foods 
(http://www.foodsafety.gov/~dms/lmr2-a9.html)

FDA/FSIS DR model FDA/FSIS DR model 
vs. Outbreaksvs. Outbreaks
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SummarySummary

Both FDA/FSIS and FAO/WHO RA used Both FDA/FSIS and FAO/WHO RA used 
an anchoring approach to predict dosean anchoring approach to predict dose--
response for Lm.response for Lm.

2323

FDA/FSIS RA was used for risk ranking FDA/FSIS RA was used for risk ranking 
of RTE foods of RTE foods –– no endno end--point effectpoint effect

FAO/WHO doseFAO/WHO dose--response estimates: not response estimates: not 
consistent with other estimatesconsistent with other estimates

Points for discussionPoints for discussion
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Points for discussionPoints for discussion



Validation of the US DValidation of the US D--RR

If the results are similarIf the results are similar
–– Increase the credibility of the DIncrease the credibility of the D--RsRs

2525

If the results are differentIf the results are different
–– Different hostDifferent host--susceptibility ?susceptibility ?

–– Difference in Lm strain?Difference in Lm strain?

–– Flawed anchoring approach?Flawed anchoring approach?

Other Lm DOther Lm D--R approachesR approaches
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Golnazarian Golnazarian et al.et al. (1989)  (1989)  JFPJFP, 52:696, 52:696--701701

ConclusionConclusion

Large uncertainty associated with Lm DLarge uncertainty associated with Lm D--RR

No human DNo human D--R data available. Using animal R data available. Using animal 
DD--R data to extrapolate to humans R data to extrapolate to humans 

2929

pp

Incongruity between outbreak data and the Incongruity between outbreak data and the 
dosedose--response models response models 

International interest in establishing International interest in establishing 
acceptable Lm levels at consumption acceptable Lm levels at consumption 
suggests the need for highly credible Dsuggests the need for highly credible D--R R 
estimatesestimates
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Thank you !Thank you !
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Better information. Better decisions. Risk assessment.Better information. Better decisions. Risk assessment.

Suggestions/Comments?Suggestions/Comments?
or, Questions?or, Questions?
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